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UNSTEADY  DOHNHASH  BEHIND  1 CELIA  HINU  B1XH  SUPEESONIC  NOTION. 


E.  Sh.  Solcmonyan 


The  question  of  determining  the  aerodynamic  characteristics  of 
the  tail  assembly  of  flight  vehicle  nas  great  practical  value  both 
from  .the  point  of  view  cf  ccntrcl  cf  flight  vehicles  and  froa  the 
point  cf  view  of  aeroelasticity. 


During  the  determination  of  the  aerodynamic  forces  and  tail 
apaents,  arises  the  queeticr  of  the  determination  of  wing  down  wash. 
This  task  in  special  cases  is  examined  in  ucrks  [5,  7],  etc.,  but 
cpmmon/general/total  setting  is  given  by  N.  N.  Kislyagin  [3]. 


In  this  article  are  given  the  formulas  for  calculating  the 
downwash  upon  the  coamoc/general/tctal  foraulation  of  the  problem  for 
the  delta  wing,  which  has  supersonic  leading  edges. 


Let  the  fine/thin  slightly-cu rveu  delta  wi$g  move  in  ideal 


DOC  = 78184200 


ccapressible  liquid  with  low  angle  ot  attack  and  with  certain  angle 
cf  slip  0O . Let  us  consider  that  the  basic  aoticn  of  wing  is 
rectilinear  forward/progressive  with  the  constant  supersonic  velocity 


0.  Let  us  assune  also  that,  besides  basic  ncticf,  the  wing  conpletes 


snail  additional  oscill aticn/vibra tions 


Downwash  is  represented  through  the  coefficients  of  the  rotary 
derivatives  £2,  3]  and  we  will  use  the  foraula§  of  the  calculation  of 


which  for  the  case  of  snail  strouhal  nunbers 


roraula  (1)  is  written  in  the  diaensiccless  character ist ic 
coordinates  x§,  which  aie  connected  witn  the  Cartesian  coordinates 


AaIi  1)  ••  follows 


nhfre  8*0/ a - inch  nunber,  a - tat  spend  of  sound  In  the 


undisturbed  flow,  / - characteristic  linear  diaension  (spread/scope) 
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P1GE  3 


9 

In  foriala  (1)  sign  V.p-  ^ indicates  the  principal  value  of 

* 

integral  according  to  Hadaaard  [4],  I there  is  an  equation  of 

trailing  wing  edge,  - the  equation  cf  the  sane  wing  edge, 

aplved  relatively  by  the  variable  x.  Puncticna 
/.,0U.  §)  It  v«l*f^d)  aze  expresacd  by  the  fee  aulas 

/">(*.»> — j ,)  n 


v*-»l 

+ *,*>(*.  y),  (»«1,  (4) 

■here  £jn  (*.  s)  they  are  assigned  by  the  cosditiea  of  steady  flow 


around  of  the  ving  and  have  following  values  [2]: 


(*,  9)  = ~ 1;  Bg> (*•  *)“  ~ + 9) 


8 


X-  |*/S  - aspect  ratio,  S - wing  area. 
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Fig. 


Pig.  1. 


The  eguations  of  wing  edges  will  be  (Fig.  ■) 


by  rightist  f rent/leading  of  edge. 


by  left  £ lont/leadiag  of  edge. 


*«■  — p**  + * = X(r)  - a trailing  edge 


where  angular  coefficients  and  nuacec  e are  expressed  as  the 


geometric  paraaeters  of  aing  and  the  Bach  onaher 


^ t -H  * t*  (T  (*W) 


p* — !±A5!i_fc,  iyi  + et^fc 

l-letfp,  Kl-ictfM 
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By  the  interference  waves,  which  proceed  frem  point  0,  wing  is 
divided  into  three  regiens  (I,  II  aijcL  !•)  # tut  trailing  edge  - to 
three  cuts  BC,  CC'  and  C *1  with  different  analytical  expressions  for 
potentials. 

In  formulas  (3)  and  (4)  functions  v)  ate  the  values  of  the 

potentials  of  the  disturbed  velocities  on  the  cats  indicated.  For 
calculating  these  functions  with  stall  Stroshal  numbers,  me  use  the 
formulas,  available  in  wort  [2]- 


SOC  = 781  84200 


For  d delta  wing  when  feint  H is  arraqce/lccated  in  region  «2 
(Fig.  2)  , functions  /,<0(*.  f)  have  the  toilovigg  expressions: 


Q?<o>Q?; 
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+ j + <-  ■ **•  |-^f  t + <-  ^ j}+-  • 

. * .v  • 

+ 2KJ'i-„*’,+  7»T  "+  ri2> to  - *)"  * to.  y)]  ■ («! 

n— 0 

^ *>  “ ■£  ( * + 7)  {-£<•  - »*«<«•  »> + »>} + 

+ 2 £*? J-> b- r [ f * <- iy b | - 

Qf(0)Qf-  I * ._  II 

,T  + (-1)^y|}  + 


+ 2 1 6n2> 2- „ * "+  2 0 2 "+  pi2) (y  - *)" R to.  y )] 

n=0 

y)  = ^ ( k + -L ){-i  ((P - 1) «_  «]i|  (,.  „)  + 

'i“S^t9  + 4P’-W(*'S',)  + 

+ 2 2 8*'j~n)  \zJ~HyH  I tt  -+-(— iy*>  1 - 

L||.  + ™]J  + 


(9) 


+ 2 + T yT  " -+  <jf  to-*)"  R to.  v)] 

w»0 


(10) 


I 

I 
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Tn  formulas  (5)- (1C)  and  for  furtner  calculations,  for  p 
cf  a redaction  in  the  recording,  are  intro daced  the  follaeing 
designations  of  the  fu net iocs 

Zjm‘ll  + *;*»  (*.  g)  = g + P**  — e,  Zt  - y — ?x  + e 

Qo.  i = Qo  (y.  aj)  = + aje,  * ( tf)  = («  ~ 8) 


fa ge  49 


Ar«  giveq  below  the  tallies  of  coefrxcients,  which  participate  in 
■the  calculations  which  depend  onlj  on  tae  gccaetric  wing 
characteristics  (e0,  ea#  fi0  X)  and  of  Hack  ruwber. 

= 7*  = «2  + «?.  Ay  = p*-«*  v = H-?s 

n’J  *y  32 * i]  ’ & P gJJ 

*?—*%*- 

>■*  A/1  (3a*  — 4a2  — 3) 


«?v 


4V’  = 

72A/*a 

16* 


1536  o* 
„<2)  _ 'T*^1  . 


256 

(y-o,  i) 


16  n* 


*i2>  = 


>.*A/* 


"270  = — 7.  (2  + 7,),  Aj*  = - (1  _ Tl) 


256* 
_ »M*  7, 


16  16  f, 

384*7, 


^ = ~ 256*^^  + ^). 


_ '*72 


4V 


1*A/2 
768 

^Af* 
7687? 


7*  (4  - 3T,),  d[%  = - (1  + 7l) 


16 
3847, 


I67, 


• ' ^ 768 7?*  (4Ti  ~ 3t*)’  Po]  “ (1  — Ti)  e 

16 

-11)-  XT«(P  -h  7i) 

^ 167*7, 
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l ~ 3t?(2  + T.)  + 2Tl  (I  - it)  + 3(2^  + ij}** 

~ ~76Skfa>  ^ (2  + + 2(P*  ~ W ~ Ti)  Ti  + 6^(2rt  + T,)]e 

^,>=  768k  i*v3  *3lf' (2  + 7»)  + 2 P*Ti  <1  — 7i)  — 3 (2?,  + Tt)  p«] 

^,=  ~~  768  7*v*  ^ ~ ^7»)  ~ 27i  (1  + 7i)  + (^Ti  — S^Je* 

•«P”  768^p  l2tf  <4  ~ W ~ 21i  U + -h)(l  - ?°)  ~ 2?*  (4Tl  - 3r,)]  e 
4*1 ~ -j&Titfhti4  ~ 3U)  + 2p2Ti  (1  + TiJ  + P4  (4Tl  - 3T,)1 

16*  V*Jt  ■■  164  * V*it 

*>j  =3«P’  — 14aJ 
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Substituting  in  foraula  (2)  of  tne  ?alue  of  functions  /J^x,  g) 
tram  (5)-(.10)  and  performing  integration,  ue  uill  obtain  expressions 
for  f)  in  the  follotinq  form 

^ (*.p)  = -l  + f*  { FPj'Hx,  p)  + <-  lyFf^x,  g)  - 

- ~ IWj'Hx,  g)  + (-  1 )<LI°  *>(X,  F)]J  (11) 

^ g)  = ~flxJL^(Xi  p)  + (e_Tx)  + 

+ **  S ^0  ^3'  ' ' "}(x,  y)  + (—  l)^y-.)(x,  y)  __ 

- ^ W"*’  (*.  *)  + (-  l)/^V-» (*.  AT>]  J + 

1 1 

(*.  wi  + Pil)  Af»(x,  p)]  (12) 

«y>u, ») . »t  + o -*■>,+.  I* 
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+ is  F>  + <-  iy Aft  *-•*<*.  y) - 

- i 9 ) + (-  (x,  I/)]  j + 

1 1 

+ -^S  WVi-«  A/«.  i-«  (x,  y)  + 7^*  N„(x,  y)] 

»-o 

= ~ Vix,  y>  + 

+ ~t  2tf/)  { Ft,2,(*>  9)  + (-  D'A7y>(*.  y) — 
i W pi*.  y)  -r  (-  1)JZ.1V»(*.  *>]}  + 

i 1 

+ ^ S M?i—  A/.,  1-.  (x,  y)  + r&>  Nn(x,  y)  j 

*— 0 

*<*’ y)  =z  j\w(e- VX)ZAX’ y)  + v^z'{x' y)  I + 

+ i S S ( Ftj3-  n)(x,  y)  + (-  1) iFfi  3->  (x,  y)  - 

* j-On-Q  ( 

~ ~r  W?  ?-'(*•  y)  + (-  wipf -•>(*,  y)]  j + 
i 2 

+ H"  2-  (*•  y)  + P‘2)  M (x,  y)l 

n=0  , 

^(x,  y)  = ^ [<f  - 1)  x - el  Z3  ( x , y)  + 

+ ^7(9  + 4pf-9^)^(x,  y)}  + 

+ i S S ^•/3_">(  AX->3'"'(*.  y)  + (-  l)//7"-.3->(x,  y)  - 

/=o».o  ' 

- ~ [A4:/->(*,  y)  + ( - 1 V4}-/-")(x,  y)l  j + 

+ i S 1-  (*.  y)  + f?»  JV.  (*,  y)  J 

^ m4 
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formulas  (11)  -(16)  for  downvashes  */>(*.  g)  enter  th*  functions 

,)=h  v* 

*M  r<,> 

(n  = 0,  1;  m = 1,  2,  3;  / = 0,  1) 


v fQ;a  ox#-**,  7,,  «y) 

x J v~\ m**  ' 


«..(«.  y)  = -f-  (n  m — 0 1 2) 

J 1 y->)  dx  J Kx  - \ ' °’  h 2) 

*(*>  r„> 

N.i*.y)-4-  fiaLzftSL.** 

<^r  J Ky—ij  dx  J V*  - { 

*<->  Do- 

Mhich,  aft  or  the  execution  cf  actions  in  right  sides,  take  the  forn 

^V(*>  y.  = <17> 

W*.  y.  ^)  = -^U4(2p«  + A/)aJ-^]y  + 

+ P*[AJ  + 4«*(P*+«*)lx-A*e}  (18) 

^°>S,(*»  y-  »y)  = -^-(-A>(V  + ^)-4^5e(2y  + 

+ Zt)  + 8a<Ay  «*  + 6a]  Qf  f + 4a^*  Qo.  yQj.  y + (19) 

+ <22.  y + 24ap  Z,  (*,  *)(P*  Qx  > + 3Q0. ,)  + 16**p*  Z»  (x,  y)} 

FA'  f (*•  y.  «/)  = — (3 b,g  — P*A,x  + P*«  — 3a]e)  + 

+ -5pi-I2y4-Zl(x(9)]  (20) 

WU.  y.  “>)  - - ^ (4y*  + Zfl  + ~f-  Z,(x.  f)x 

X ((«*  - 4Ay) p*x  + (5p*  + Ay)f  + (P*  ♦ + 


7 
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+ “jpf-  W(A/*  — *)x  + 3«J«*J 
L£,'H*>9.  “,)  = 


4/**  #*4i  . „ 

4^F  + 2^pto  + Pi-> 


(«) 

(22) 


•IA  . 

4SV*  (*♦  ».*/)= gpj4-  ( A/  (3v'  + 12vr  - 8)  y — A,  (v*  - 4v+ 

+ 8)  p*x  + [v*  (p*  - 5«p  + 4p*  (1  - p*)  + 4 **  (1  + 3P>)  1 «|  (M) 

W<*»  »)  - - + Z?)  + 4a’A,e  (2 g + Zt)  - 

~8a'e*1  “ WA/(8p4<?*(y’  a/)  + 2pt<3  + 2^4;^^  “/)X 

X Zx  (x,  g)  + A’  (3p*  + 4P*  + 3)  Z*  (x,  y)  + 8P4  Q,  (y,  «,)  Q2  (*,  a,)  + 

+ SFv  <2? (x,  «,)  + 2?* (2V  - 1)(V  + 3)  AyQ, (*,  a,)  Z, (x,  y)}  (24) 

41/’ U P)  = -^-  l^(2y  + Z,)  - 2a*e[  - -J-  Z,(x,  y)  X 

X [(37  - 2)  A .g  - A.Vp* x + (p*  + *f*  + A ,)ej  (25) 

A!y2) (*•  F)  - - " (3A* (4y*  + Z?1  + 8A.«Je [2y  -f-Z,]  - 

- a*}**)  - <4  - v) ZjJ (x,  y)-^  (A,  (2V  - 1)  X 

X (3p*  Qi.  j — **V  e)  z,  (x,  y)  + 3p«  [0>(y,  «,)  - A,  Zs(x,  y)]Q0(y,  <*,)  + 

+ 3P4[Qi.  y + P*Qi(*,  *y)]  Qj(x,  «y)  — a^evlQi.  J + vQ»(*.  *)])  (X) 

'?/(*.  * «j»  - - ^ f t^^lc1v,)^  -/,  + 

2?  J V y— ■»)  K ■»)  + ?*  x — e 

X(jr) 

+ 1 f — gj&jz.)/? 

+ P J V7=TV'5<*.  i)  (27) 

i(») 

— 2ay  f-  *»(*>  ^a>)^  |- 

X(i  ^->1  K-^+aJx  ^^^(y- 

/*.»  fx.  p.  a ,1  L-  I/  r f Jff(TL*y)CU  ttyV/T) 

*w 

- p-U^+SWyi-^lWU)  + *jy»  + 3«*«X(*)/4+ 


i))_^ 
*)) 
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IQ*}  + 3^* 
V {g  — y\)i f 


(880if  + 960a*  xy\  + 165a<x*J 


( V ~J-\  *Ax'  + ((3p*-fa*)/t-+- 

- (30*  + 5a*) X (x)]  Jx  - <**X  (x)  (4p* x~e)Jv ) + 

Sv'jJ*  + f4«»y  (2e  — ?*x)  - 3Q/x)]  Jt  — [3a>/e  X (*)- 

- 2Sy(x)(2e  - ?*x)J  Jt  ~ e fiy(x)  X(x)  /„}  + 

[176/,  + 320a**/,  + 165aj  x*/,]  - !*«,.  [/J+ 


+ 2«*x/,  + «>*/,] 3p£-f(«>  + P*)/,  + 

- (P*  + 2a>)  X (X)  ]/,  - a^x  - «)  X (x)/,| 

^*V,) <*.  9,  ay)  = - -L |/p.  f J&fo  «,) 
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i4> 


(3t|  + 2ajx)/?1( 


(50tj  -f  27a*  x)  Rt  (x,  r,) 
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P1GE 


IP*  <&.  y 4-  (*,  n)J 


{(3v  — 2)  hJJl  + [(3v  — 2)e  — vQ,  (*,  a,)]  Jc  + 


\XjJi  + «2*/ol+ 


[3^4  Qf(x,  7/,  8y)  + 6p,SJ  (2y  — 1)  Q,(x,  71,  *j)Zt(x,  1j)-f 


+ Aj.(4v  — 1 )Zfr.  r,)]  ~ -g  15P*  + 

Vy  — tiVA(x,  *i)  5vP*l 

+ 10p*  + 3)[Ajyt  + 2a*. jJl  + a<e*yo]  - p* (15p* - 

- 10P*  - 1)  Q,  (x,  ay)[  Ay/  + «J  eJ0]  + 4p*  (1  - 5P*)  Q*  (x,  ay)  / + 
h Q*(x,  ay)y_,  J _ {A*  (3v  - 2)  / + 2Ay  l2p*Q, (x,  0,  ay)  _ 

vM(*)l/i+  {?*(?,(*,  0,  ®y)[  Qi  (x,  0,  ay)  — 2AyX(x)J  -f-  A*X(x)}  -f- 


^ */)  SL’](pt)  -f  20vaJAy  e/i*>  (pf) 


15Q?(*»  7],  a y)Gj»(x,  1J,  ay)  — 10Ay  Qt  (x,  ij,  ij)  Gf»  (x,  i;,  ay) 


3AJ  Gj^(x,  T),  «y)J 


!4A/0,  (*»  T,  «>)/0  + 


+ 4A?/. 


«/)  - 2A/J,  (x,  * *y)x 
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X G$>(x,  n.  «>)  — A} Gj*>(x,  n,  «/)}-7 —==.  (34) 

Vy-H 

HW <(*.  a, = -^v.p.  f ycii  «/>  „ _ 

v J vs-Vv  £<*. ».) 

*(*> 

J 9 

- -J-  j U2P*Q«  (*.  >i.  «y)  - «}v  c)  + 2(2r  - 1)  A,Z,  (x,  tj)}  X 

x Vg-v  v2?d, ,)  ~ "Sjjr {2(3v  ~ 4)  + (4  ~ •/)  - 

~ «]  /of  Q.(*,  «/)[4PfQa(x,  «,)_3<«*vel/-i  I + 

+ j-v*'e  J { 2p*  (ft)  — g—j-  ^Q,  (X,  * «,)- 

*<»)  1 y 

—>.|G|"K  * .y)|-A=--^  f jf^j^y) 

JVp— <}  3ay  J V^-3)  71 

M*) 

-«>ve/,  - ^ j j p»7#  - i-  Qi  (x>  Vi  0)  qo,  (Xi  a>)  _ 

*<»> 

— f <?'<*.  -i.*y)J  (35) 

Mtflic.1.  *>>£«■  M 

2P  J Vg—v  V Zt(x,  rj) 

l(l)  V 

i r 

— F J ,2(2v_1)Ayf2p,Ql(Xi  7!-  a/)  + A><i(*.  n.  0)1  Zt(x,  7,)  + 

+ P*(P,Q?(*.  V,  •/)  + 2A/Q1(x,  7,,  «,)  <?,(*,  r),  0)J  + (4^  — 1)  X 
XAIZ?/*.  «ll 21l»  a>) ?aye  f 


• XW,^,lCTfe-T|t(3(15p,  + W+ 

+ 3)(A*yf  + 2A  ^Jtjx  + ayy#J  + [3p*(10P*  - 

# ;'.V«r  + l)4te  •/)  - 109«5(3v  - 2) .1  jA,y,  + *>y,- 
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H(2p*Ql  (*,  V.  «y)  + AyQ  (x,  n,  0)]^(^)  + 


+ ^y/5f(A)l 


[P*Q?(*.  T,  */)  + 


+ 2v,  Qi  (ar,  rf,  a y)Qt(x,  ij,  0)JGp>(x,  rj,  ay) 


WQifo  V.  «y)  + Ay<a(x,  V,  0)1  Gf*>(x,  r>,  ay)X 


+ \Qt(*.  V,  P)|/#  + 2p*Aytf> 


P*A>q*>(*,  t),  ay) 


Wi  + 

+ -V.)  + 1(1  + «J)  P*  + AyKA-*/0)  + (1  + «*)**/,  + 

+ A>  C/.  - */*)  + ~ [Ay  4-  P*  (1  + - 2A/X  (xXy,  - 

7*)  - -=-  [Ay+P^(i-f«*)>x(x)y,+  A-  (yt—  2X(x)St+  x*{x)jt 


(3/,  + (3* + X<„)1  y,  - ,X  (*)yj  + 
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*■*<«)  - 1**J Jt  + X r-  5.J  ,Jt) 


(V» -I3Z  (or) + 5«]yt  + 3ex  (*)/,} 


+ 2 PGtHx,  i,)| 


■ •■TO 
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•W„+«W) 


3 (V  - 2)  e (ij  - x)  - 2e*]  Gf  (*,  r,)  4-  [8p«  (tj 
- 3 (v  - 2)  e]  (*,  v)  + 4p*  qi>  (*,  -,)}  - 


l«7o  - 2 (3v  + 1)  «7i  + r (5v  + 8)  ejt 


- 5 (V  - 2)  e(T)  - x)»  - 4e»  ft  - *)]  Gf>  (*,  i,)  + 

+ 2[9p»(1J-  *)*  - 5 (v  — 2) «( >i  — *)  — 2«*]  G?>  («,  ,)  + 

+ [18r(l-*)-5(r-2)«]GJ»(*,  t)  + 6PG$*>(*,  t)|-~ 


la  formulas  (17)- (44)  ate  introduced  tie  following  designations 


Gl")  (*>  Ti.  «>)  = ffliPt)  — («*  + P*)  7^Mp»)+ 

/_■?<*)  <m«l,  2,  3) 

G*"'  (*.  >1.  «/)  - /*?(*)  + /1-TW  (m-«,  1.2) 
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ribs 


• . _ , _ ft(°.  T. 

p,  ■■  1 — *»  *■  ^ Ay 


/. 


Jl/  <*- 


rw 


mi?)* 


-or*. 


* - |/  (,_,M.  + »_^(^-  + ,-.) 

In  tke  last/I atter  integral  p,  are  taken  values  pt(  p2  and  p3 

All  Integrals  of  types  />>  /<$,  /*  and  y_}  »ce  expressed  as  elliptical 


integrals 


/#=t7=E(*’  *) 


7‘  P ^ ' 0)  11  (8,  9*’  ^ <°*  71.  0)  E (8,  y)] 


4 - - W yWe  - ’>  *<’•  '>  - ^7=r-  m>  - n +r>+ 


+ 2P*t!]n(8,  y»,  «/)  + — ~[2Q?(0,  * 0) + ?’<*  + ,,_ 


30*  VT* 

-*)Qi<0,  * 0)  + P«(*--7))x]E(8,  y) 
2P^3  Q1  (x,  ij , 0) 


HVpJ  = — t^$£*<x’  7)1  0)  . nU  - \, 

aj  V V«  Qi(x,  % ay)  \ ’ P*Q,(x,  12,  ay)  7 / + 


2P*Ay 

TPvT'' 


* «>  + -^E(,  „+ 


PA/Qi(*t  ij,  0)  6(x,  1,.  ay)  ^ ^ 

12,  «y)  "I  * ^ 


a*y«y* 


V,  ay) 


A"7F^'{te— >n(f'*’  ’■)+*e(t,,')I 


^“TFSjf  7T’  *)+<*+•*•-*> x 
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xn(f.f.,.)+,E(f.„)] 

J~‘  ~ ?•'£(*■%  "(t • aC*/)  ’ *) + S'* Or • «■ ) 


share  they  are  designated 


°(x,  V,  ay)  = -1.  (PVJ(l,,  ay)  - [0,(0,  0)  + ?*(*+ 

+ 1~*)]/>§0},  “>)  + [(?, (0,  r„  0)(x  + yl-e)-P(e-V)x)p,(rl,  ay)  + 

+ («  — n)  Oi(0,  ij,  0)*} 

**»  * ay)-  -L{3p^(%  * 0)  + p»<*  + 

+ «/)  + ft (0,  v,  0)(x  + n — •)  — p»(e  — i)*) 


Through  £ and  P are  designated  the  elliptical  integrals 
respectively  of  the  first  and  third  hinds. 
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For  a region  #j  (Fig.  1)  the  formula  cf  the  coefficients  rotary 
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NON-STATIONARY  DOWN  WASH  BEHIND  A TRIANGULAR 
WING  IN  SUPERSONIC  MOTION 

R.  Sh.  SOLOMONIAN 
Summary 

Rated  formulae  for  non-stat  ionary  downwash  behind  a thin  slightly 
curved  wing  which  has  a traingular  formula  in  the  plan  and  supersonic 
edges  whose  apex  is  turned  forward  when  it  moves  in  the  ideal  com- 
pressible fluid  with  supersonic  speed  are  given  in  this  paper. 

These  formulae  are  obtained  for  area  points  situated  on  the  plane 
of  the  wing  between  the  disturbance  waves,  their  reflection  from  the 
back  edge  and  the  back  edge  itself  at  small  Strouhal  numbers. 

The  above  formulae  make  it  possible  to  continue  the  downstream 
calculations  at  infinitum  according-to  the  formulae  previously  derived 
for  this  part  of  the  wing  plane. 
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